I' * 

^.Searching PAJ ' ■ 



1/2 ^-V 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 09-05391 2 

(43)Date of publication of application : 25.02.1997 



(51)Int.CI. 




G01B 11/00 
G01B 9/02 
G01H 9/00 




(21 Application number 


07-210704 


(71)Applicant 


: AGENCY OF IND SCIENCE & 
TECHNOL 


(22)Date of filing : 


18.08.1995 


(72)Inventor : 


UMEDA AKIRA 



(54) METHOD FOR MEASURING FREQUENCY CHARACTERISTICS OF LASER 
DISPLACEMENT GAUGE AND LASER VIBRATION METER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
measuring frequency characteristics of laser 
displacement gauge and laser vibration meter by which a 
wider frequency range and smaller displacement can be 
coped with so as to improve the reliability of 
displacement measurement and vibration measurement. 
SOLUTION: When an impact is given to one end face 1 1 
of a metallic round bar 10, the elastic wave pulse 
propagated through the bar 10 generates pulse-like 
dynamic displacement of the other end face 1 2 of the 
bar 1 0 when the pulse is reflected by the end face 1 2. 
When the dynamic displacement of the end face 1 2 is 
simultaneously measured with a laser interferometer 
using a reference laser beam and a laser displacement 
gauge or laser vibration meter having an unknown 
frequency response characteristic and the measured 
results of the interferometer and displacement gauge or 
vibration mater are compared with each other, the 
frequency response characteristic of the displacement 
gauge or vibration meter can be found. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As opposed to pulse dynamic displacement of the end face which it generates in case 
the elastic wave pulse which carries out propagation of the inside of the round bar by the impact 
added to one end face of the metal round bar reflects in respect of the other end of the round 
bar By performing measurement by the laser interferometer using the laser used as criteria, and 
measurement by the laser displacement gage with a strange frequency response characteristic, 
or the laser vibration meter to coincidence, and comparing both measurement result in a 
frequency domain The frequency-characteristics measuring method of the laser displacement 
gage and laser vibration meter characterized by searching for a frequency response 
characteristic. 

[Claim 2] The elastic wave pulse which carries out propagation of the inside of the round bar by 
the impact added to one end face of the metal round bar Pulse dynamic displacement of the end 
face generated in case it reflects in respect of the other end of the round bar As opposed to the 
frequency characteristics drawn by comparing the result measured with the laser displacement 
gage with strange result and frequency response characteristic which were measured by the 
strain gauge stuck on the above-mentioned metal round bar, or the laser vibration meter in a 
frequency domain The frequency-characteristics measuring method of the laser displacement 
gage and laser vibration meter characterized by applying the correction function of the dynamic 
characteristics of the strain gauge obtained by the laser interferometer using the laser used as 
criteria, and searching for the frequency response characteristic of a laser displacement gage or 
a laser vibration meter. 

[Claim 3] The frequency-characteristics measuring method of the laser displacement gage and 
the laser vibration meter characterized by to search for a frequency response characteristic by 
performing measurement by the laser interferometer using the laser used as criteria, and 
measurement by the laser displacement gage with a strange frequency response characteristic, 
or the laser vibration meter to coincidence to pulse dynamic displacement of the front face 
generated by impressing impulse voltage to the piezoelectric transducer which consists of a 
piezoelectric device or a piezoelectric film, and comparing both measurement result in a 
frequency domain. 

[Claim 4] Minute displacement of the piezoelectric film side produced with the impulse voltage 
which prepares a piezoelectric film in the end face of a piezoelectric-device stack, and is 
impressed to a piezoelectric-device stack Measurement of a high-speed minute vibration 
generated in the piezoelectric film side performed using the laser interferometer by the laser 
which measures and serves as criteria using the phase correction value over the obtained 
measurement result with the laser interferometer using the laser used as criteria, When a 
frequency response characteristic measures to coincidence high-speed minute displacement 
generated in the piezoelectric film side by the strange laser displacement gage or the laser 
vibration meter and compares both measurement result in a frequency domain The frequency- 
characteristics measuring method of the laser displacement gage and laser vibration meter 
characterized by searching for a frequency response characteristic. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the frequency-characteristics measuring 
method of the laser displacement gage and laser vibration meter widely used on industry. The 
result measured with the laser interferometer comparable as it when saying in more detail, as a 
result of this invention's measuring the dynamic variation rate generated using a high-speed new 
minute displacement generating technique with the laser interferometer used as criteria, It is 
related with the frequency-characteristics measuring method for aiming at establishment of the 
TOREZA kinky thread tee in measurement of high-speed minute displacement and minute 
vibration by comparing mutually the result measured with the laser displacement gage with a 
strange frequency, or the laser vibration meter. 
[0002] 

[Description of the Prior Art] By making optical interference based on a Doppler shift or 
heterodyne light interference into a principle, although widely used in the industrial world from 
the former, since the laser displacement gage and the laser vibration meter which measures a 
variation rate and vibration did not have a method of generating high-speed minute displacement 
over a large frequency range from the field near a dc component, it did not have a method of 
evaluating the dependability of these measuring instruments, and a probability. 
[0003] On the other hand, in recent years, the need of measuring movement of the structure far 
minuter than before is increasing, and the frequency band for which measurement is needed is 
larger than before so that the development of a micro machine technique currently performed 
even in European and American advanced nations may see. Therefore, the demand to the 
dependability of measurement by the laser displacement gage and the laser vibration meter is 
severer. Consequently, the generating approach of high-speed new minute displacement and a 
high-speed minute vibration which the user and the measuring machine machine manufacturer 
did not have in the former is needed. 
[0004] 

[Problem(s) to be Solved by the Invention] The technical technical problem of this invention is 
the basis of such a situation, and in order to raise the dependability of displacement 
measurement and oscillating measurement, it is to offer the frequency-characteristics measuring 
method of a new laser displacement gage and laser vibration meter which can be corresponded 
to a larger frequency range and a minuter variation rate. The technical technical problem of still 
more concrete this invention does not only draw in the theory the frequency opposite region 
which can measure a laser displacement gage and a laser vibration meter based on the principle 
of a Doppler shift etc. The result of having measured the dynamic variation rate generated using 
a high-speed new minute displacement generating technique with the laser interferometer used 
as criteria, or the laser interferometer comparable as it, It is shown in aiming at establishment of 
the TOREZA kinky thread tee in measurement of high-speed minute displacement and minute 
vibration by comparing mutually the result measured with the laser displacement gage with a 
strange frequency, or the laser vibration meter. 
[0005] 
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[The means for solving a technical problem, an operation] The frequency-characteristics 
measuring method of the 1st laser displacement gage and laser vibration meter of this invention 
for solving the above-mentioned technical problem As opposed to pulse dynamic displacement of 
the end face which it generates in case the elastic wave pulse which carries out propagation of 
the inside of the round bar by the impact added to one end face of the metal round bar reflects 
in respect of the other end of the round bar It is characterized by searching for a frequency 
response characteristic by performing measurement by the laser interferometer using the laser 
used as criteria, and measurement by the laser displacement gage with a strange frequency 
response characteristic, or the laser vibration meter to coincidence, and comparing both 
measurement result in a frequency domain. 

[0006] When it is difficult to use the laser interferometer using the laser used as criteria in the 
above-mentioned frequency-characteristics measuring method, in an actual measurement site 
After evaluating the property of a laser displacement gage with a strange frequency response 
characteristic, or a laser vibration meter using the measurement result in the strain gauge stuck 
on the metal round bar, The correction function called for by measurement using the laser- 
interferometer using the laser used as criteria is used. The frequency response characteristic of 
a laser displacement gage or a laser vibration meter can be searched for, and frequency- 
characteristics evaluation of the laser displacement gage in the same precision as measurement 
by the laser interferometer using the laser used as criteria or a laser vibration meter can be 
enabled. 

[0007] Moreover, the frequency domain of dynamic displacement is hundreds of kHz. The 2nd 
frequency-characteristics measuring method of this invention suitable for applying, when it is 
above As opposed to pulse dynamic displacement of the front face generated by impressing 
impulse voltage to the piezoelectric transducer which consists of a piezoelectric device or a 
piezoelectric film It is characterized by searching for a frequency response characteristic by 
performing measurement by the laser interferometer using the laser used as criteria, and 
measurement by the laser displacement gage with a strange frequency response characteristic, 
or the laser vibration meter to coincidence, and comparing both measurement result in a 
frequency domain. 

[0008] The 100kHz of furthermore, the above-mentioned numbers The 3rd frequency- 
characteristics measuring method of this invention applied suitably [ when impulse-the variation 
rate or amplitude which is a high frequency domain, and applies impulse voltage to a 
piezoelectric transducer and is obtained becomes smaller than the wavelength of laser ] Minute 
displacement of the piezoelectric film side produced with the impulse voltage which prepares a 
piezoelectric film in the end face of a piezoelectric-device stack, and is impressed to a 
piezoelectric-device stack Measurement of a high-speed minute vibration generated in the 
piezoelectric film side performed using the laser interferometer by the laser which measures and 
serves as criteria using the phase correction value over the obtained measurement result with 
the laser interferometer using the laser used as criteria, When a frequency response 
characteristic measures to coincidence high-speed minute displacement generated in the 
piezoelectric film side by the strange laser displacement gage or the laser vibration meter and 
compares both measurement result in a frequency domain, it is characterized by searching for a 
frequency response characteristic. 
[0009] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. Drawing 1. and drawing . 2 show the 1st operation gestalt of this 
invention. In order for frequency characteristics to clarify the frequency characteristics in a 
strange displacement gage or a strange vibration meter, it is necessary to compare with the 
result measured with the displacement gage or vibration meter used as criteria. Then, it is 
necessary how to make the large minute plane of vibration of a band. 

[0010] In order to obtain such a plane of vibration, the other-end side 12 is made to generate 
pulse dynamic displacement in this example, by the elastic wave pulse which adds an impact with 
the means of making an airframe 13 collide with one end face 1 1 of that round bar 10 using the 
metal round bar 10 long enough as compared with a diameter etc., and is generated, as shown in 
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d rawin g 1 . Although this round bar 10 is not illustrated, it is supported with the bearing ball put 
on the V groove of two trains, and is not restrained by shaft orientations. 

[001 1] That is, if an airframe 13 is made to collide with one end face 1 1 of the round bar 10, an 
elastic wave pulse will occur inside the round bar. Although propagation of this pulse is carried 
out to the shaft orientations of the round bar 10 as a compressive elastic wave pulse, it is 
reflected when it arrives at the other-end side 12, and it returns in the direction of a basis as an 
elastic wave pulse of hauling, impulse dynamic displacement of a direction perpendicular to an 
end face 12 occurs in the process to reflect. Dra w ing 2 shows the situation of movement of the 
round bar end face 12, this drawing (a) shows the variation rate of this end face, and this drawing 
(b) shows the rate of this end face. In this case, if there is 15 or more-time die length to the 
diameter of a rod, it will be guaranteed that movement of the round bar end face 12 becomes 
uniform. Moreover, the frequency band of this dynamic displacement is hundreds of kHz from 
near a direct-current part. Although reached, since it is dependent on the quality of the material 
of the round bar, a diameter, and die length, this band can be set as arbitration by those 
selections. 

[0012] Then, the mirror M which uses the beam of the laser interferometer by the laser used as 
criteria and the beam of a laser displacement gage or a laser vibrometer with a strange property 
if needed is minded. If an airframe 13 is made to collide with coincidence to an end face 1 1 
towards an end face 1 2, the coincidence measurement to dynamic displacement of the same 
movement side using the laser interferometer by the laser used as criteria, a laser displacement 
gage with a strange property, or a laser vibration meter will become possible. Therefore, the 
frequency characteristics of a laser displacement gage with a strange frequency response 
characteristic or a laser vibration meter can be derived by comparing both measurement result 
in a frequency domain. 

[0013] (1) of the following when the laser interferometer by the laser used as criteria searches 
for the frequency characteristics of a laser displacement gage with a strange property noting 
that it detects the rate of a movement side (end face 12 of the round bar 10) — a formula — 
being based — frequency characteristics Gd Qomega) of a laser displacement gage It asks. 
[ namely, ] 
[0014] 
[Equation 1] 

jwL [d«(t] ] ■ 

G«(J«)= —7 7-7-, (n 

L [ v „ ( t ) J 

At this (1) type, L is a Laplace-transform operator and omega is angular frequency and du (t). 
The displacement output of a laser displacement gage with a strange property, and vd (t) The 
rate measurement result in the laser interferometer by the laser used as criteria and t are time 
amount. 

[0015] It is based on the following (2) types noting that a laser vibration meter, on the other 
hand, detects the velocity of vibration of a movement side, in measuring the frequency 
characteristics of a laser vibration meter with a strange property, and they are frequency 
characteristics Gv (jomega). It asks. 
[Equation 2] 

L [vu(t) ] 

Gv(jw) = — — — — (2) 

L [ v * { t ) ] 

Here, it is vu (t). It is the velocity output of a laser vibration meter with a strange property. 
[0016] Moreover, when it is difficult to use the laser interferometer by the laser used as criteria 
like the actual site of measurement, as shown in drawin g 1 , a strain gauge 1 4 can be stuck on 
the side face of the round bar 10, and the frequency characteristics of a laser displacement gage 
or a laser vibration meter can be searched for using the correction function in the frequency 
domain to the measurement result in the strain gauge based on the signal from this strain gauge 
14 in the same precision as measurement by the laser interferometer using the laser used as 
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above-mentioned criteria. 

[0017] That is, after evaluating the property of a laser displacement gage with a strange 
frequency response characteristic, or a vibration meter, in order to amend the distribution 
accompanying the propagation of an elastic wave etc., it becomes possible to perform 
characterization in the same precision as for the laser interferometer to have estimated 
frequency characteristics on the spot using the correction function called for by measurement 
using the laser interferometer by the laser used as criteria. 

[0018] In this case, it is epsilonm about the output of the strain gauge 14 stuck on the side face 
of the round bar 1 0. If it carries out, from the 1 -dimensional wave-motion theory, they are the 
variation rate de of the end face 12 of the round bar 10, a rate ve, and acceleration ae. It asks 
by the following formulas. 
[Equation 3] 

Ci e = 2 C j G m ( t ) d t ( 3 ) 

= 2 C b . ( t ) ( 4 ) 



V 



a 



= 2 C k rn ( t ) ( 5 ^ 



Here, C is the propagation rate of the longitudinal-wave, elastic wave transmitted in the inside of 
the round bar 10. 

[0019] Then, frequency characteristics Gvle of a vibration meter first based on the 1- 
dimensional wave-motion theory before amendment if a laser vibration meter shall detect the 
velocity of vibration on the front face of a body Gomega) It asks as follows. 
[Equation 4] 

I- [vult) ] ( . 

G - (JU1 = L [2C..(t-l/CI ) 

Here, 1 is the distance from a strain gauge to a laser radiation end face. 

[0020] However, the way things stand, since the distribution accompanying the indeterminacy of 
the dynamic trait of a strain gauge also including an amplifier, the indeterminacy of acoustic 
velocity, attenuation of an elastic wave, and the propagation of an elastic wave pulse etc. 
follows, it asks for a correction function like a degree type beforehand. 
[Equation 5] 

2CL [ B m ( t ^ 1 / C ) ] 

Gc 8 (jco) = — — — (7) 

L [ Vd(t) ] 

[0021] Then, final frequency characteristics are searched for as what multiplied (6) types and (7) 
types. That is, if it asks for the correction function expressed with (7) types with the laser 
interferometer using the laser which serves as criteria beforehand, the practical transfer 
standard about a laser vibration meter can be made by considering this data and the metal round 
bar which stuck the strain gauge as a set. What is necessary is just to consider displacement the 
same way. 

[0022] Drawing 3 and drawing 4 show the 2nd operation gestalt of this invention, said 1st 

operation gestalt shown in drawing 1 — a frequency band like — an in one direction flowed 

part to hundreds of kHz up to — although it can respond, in a frequency domain higher than it, it 
becomes impossible. Hundreds of kHz What is necessary is just to make the movement front 
face 22 generate pulse dynamic displacement using the piezoelectric transducer 20 which 
replaces with said metal round bar 1 0, and consists of a piezoelectric device like the example 
shown in drawing 3 by impressing the impulse voltage which is the output of a wave generator 
through amplifier to it, when impulse-the variation rate or the amplitude which is a high 
frequency domain, and applies impulse voltage to a piezoelectric device and is obtained becomes 
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smaller than the wavelength of laser. A piezoelectric film can also constitute the above- 
mentioned piezoelectric transducer 20. 

[0023] And the mirror M which uses the beam of the laser interferometer by the laser used as 
criteria and the beam of a laser displacement gage or a laser vibrometer with a strange property 
if needed is minded. If the movement front face 22 is made to generate pulse dynamic 
displacement towards the movement front face 22 of a piezoelectric transducer 20 in 
coincidence The coincidence measurement to the dynamic displacement on the same front face 
of movement using the laser interferometer by the laser used as criteria, a laser displacement 
gage with a strange property, or a laser vibration meter becomes possible. However, since the 
band of a piezoelectric transducer is narrow, two or more piezoelectric transducers may be used 
depending on the dynamic range of system of measurement, and the frequency domain which is 
going to measure a property. The relation with the measurement result using a laser 
displacement gage with strange measurement result by the laser interferometer by the laser 
used as criteria to a plane of vibration and property or a laser vibration meter is calculated 
based on the formula explaining the 1st operation gestalt. Drawing A shows the situation of 
movement of the front face of a piezoelectric device. 

[0024] Drawing 5 and draw ing 6 show the 3rd operation gestalt of this invention. In a case so 
that the surface motion velocity or the surface dynamic variation rate of a piezo-electric thin 
film may be measured, while a frequency becomes high further, a variation rate or an amplitude 
may become smaller than the wavelength of laser. In such a case, a piezoelectric film 30 is set 
on the piezoelectric-device stack 31, a pulse-like electrical potential difference is first applied to 
a piezoelectric-device stack, and the piezoelectric film front face on which the beam from a 
laser vibrometer or a laser displacement gage is irradiated by elongation of a piezoelectric- 
device stack by the translational motion as the whole piezoelectric film is made to generate a 
dynamic variation rate, as shown in drawing 5 R> 5. It is easy to generate an interference fringe, 
since it is easy to make this variation rate larger than the wavelength of the laser light currently 
used for the laser displacement gage, and amendment data for this to read the phase inside 
striped are obtained. 

[0025] And measurement by the laser interferometer by the laser with which the variation rate 
on the front face of a piezoelectric film by elongation of a stack applies a pulse-like electrical 
potential difference to a piezoelectric film, makes constant value generate high-speed minute 
displacement, and serves as criteria at it at the ****** time, and measurement by the laser 
displacement gage with a strange property are performed to coincidence. Amendment obtained 
with elongation of a stack can be performed to the measurement result by the former, and a 
variation rate smaller than laser wavelength can be read. If the measurement result by the laser 
interferometer by the laser used as the criteria read now is compared with the measurement 
result by the laser displacement gage with a strange property in a frequency domain based on (1) 
type, it will become possible to clarify the frequency characteristics of the laser displacement 
gage whose property was strange. It is the same also about a laser vibration meter. What is 
necessary is to generate such rate change and just to consider as the phase correction data for 
the rate measurement of a piezoelectric film with elongation of a stack, when the light and 
darkness generated by rate change of a film surface are not equivalent to a part for one fringe. 
Drawing 6 shows the situation of movement of the front face of a piezoelectric device. 
[0026] drawing 7 — above-mentioned the 1- the configuration of the laser interferometer used 
in the 3rd operation gestalt is shown. Theoretically, although this interferometer is the Michelson 
mold which detects a Doppler shift Since 90-degree phase contrast is set as that interference 
of P deviation component and interference of S deviation component have been independent, P 
deviation, and S deviation as a description Change of the direction of a rate being detectable and 
fringe counting are not carried out, but all interference signals are changed by the photodetector, 
it records by the transient recorder, and having taken the method analyzed after experiment 
termination etc. is mentioned. The light source is an Ar ion laser. In addition, for a lens and M, a 
mirror and PD are [ L / a half mirror and BM of a photodiode and HM ] beam splitters among 
drawing. 
[0027] 
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[Effect of the Invention] In order that this invention explained in full detail above may raise the 
dependability of displacement measurement and oscillating measurement It is what offers the 
frequency-characteristics measuring method of the new laser displacement gage and laser 
vibration meter which can be corresponded to a larger frequency range and a minuter variation 
rate. By this The dependability as a result of measurement with these measuring machine 
machine that has appeared on the market in the commercial scene can be raised, and it is very 
effective in establishment of the TOREZA kinky thread tee of a laser displacement gage and a 
laser vibrometer to coincidence. 
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damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS _____ 

[Brief Description of the Drawings] 

[Drawing 1] It is a block block diagram for explaining that of the 1st operation gestalt of this 
invention. 

[Drawing 2] (a) And (b) is a graph which shows the situation of movement of the round bar end 
face of drawing 1 . 

[ Drawing 3] It is a block block diagram for explaining that of the 2nd operation gestalt of this 
invention. 

[Dr aw ing 4] The situation of movement of the front face of the piezoelectric device in drawin g_3 
is shown. 

[Drawing 5] It is a block block diagram for explaining that of the 3rd operation gestalt of this 
invention. 

[Drawing 6] The situation of movement of the front face of the piezoelectric device in drawing 5 
is shown. 

[ Drawin g 7] above-mentioned the 1- it is the block block diagram of the laser interferometer 
used in the 3rd operation gestalt. 
[Description of Notations] 

1 0 Metal Round Bar 

11 12 End face 
14 Strain Gauge 

20 Piezoelectric Transducer 
22 Movement Front Face 

30 Piezoelectric Film 

31 Piezoelectric-Device Stack 



[Translation done.] 
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